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Outline

• Future precipitation changes for California

• Model validation – how good are AOGCMs at simulating present-day 
precipitation?

• Simulation of western boundary fluxes

• Effect of ENSO on boundary fluxes

• Conclusions



WHAT DO AOGCMs SAY ABOUT FUTURE 
PRECIPITATION?



Average annual precipitation change (%)



Average DJF precipitation change (%)



SUMMARY OF RESULTS FOR CALIFORNIA

(DJF: 42.5–52.5N, 115–125W)



Area used for defining precipitation change



Summary of DJF precipitation change 
results for California

4 models show 
increase, 14 models 
show decrease.

Average decrease, 6.8% 
per 1degC global warming.



Probability of precipitation increase: DJF



CA precipitation change summary

• On average, models show reduced precipitation

• There are considerable inter-model differences

• Based on these differences, the odds in favor of reduced 
precipitation are about 2:1



HOW GOOD ARE MODELS AT SIMULATING 
PRESENT-DAY PRECIPITATION?



% precipitation error, annual: 
Average over 19 AR4/CMIP3 models



% precipitation error, DJF: 
Average over 19 AR4/CMIP3 models



DJF precipitation errors: Individual models

CCSM3 GFDL2.1

HadCM3 HadGEM

% error: 
Model 
minus Obs.



PRECIPITATION VALIDATION OVER THE CALIFORNIA 
REGION



Areas used for model validation



Model/observed precipitation comparison

Rank based on 
cumulative 
correlation 
rank.

Best 3 in blue.

Worst 3 in red.

Bias in 
mm/day, model 
minus obs.

(1 mm/day = 
14.4 in./yr)

Globe uses annual precipitation. Regions use DJF precipitation.



Precipitation validation summary

• Models show a strong positive bias (i.e., they are too wet)

• There are very large differences in model skill



SIMULATIONS OF FLUXES AT THE WESTERN 
BOUNDARY (CCSM3.0 vs Reanalyses)

Boundary is at 130W, from 20–55N



Calculating fluxes

The monthly-mean westerly flux for variable X at a given height and latitude is defined by

F = <uX>

where u is the westerly wind component, and < > denotes the average over a month of 
values of u and X taken at 6-hourly intervals.

Heat flux = <uT>
Moisture flux = <uq>
Momentum flux = <uu>

Note that <uX> ≠ <u><X>, but time series of these two quantities are highly correlated.



Westerly windspeed at 130W

ERA40

CCSM3



Moisture flux at 130W

ERA40

CCSM3



Model vs observed comparison of jet 
characteristics

CCSM3

ERA40



EFFECT OF ENSO ON FLUXES



Dependence of momentum flux on ENSO



Lag correlation: momentum flux vs ENSO

ENSO leads (months)

In observations. ENSO 
explains almost 40% of 
the variance. In the 
model, ENSO explains 
only 8% of the variance.



Summary of ENSO effects

• Observed flux variability is significantly related to ENSO

• The model shows a much weaker relationship

• In order to reliability estimate future inter-annual and inter-decadal 
precipitation variability we must ….

Improve the ENSO-flux link in models
Improve model simulations of ENSO



ENSO IMPROVEMENTS



Improvements in Nino3 SST power spectra



Improvements in ENSO (Nino 3) SST simulations

HadISST

CCSM3.0

CCSM3.5

Years

From Jerry Meehl, NCAR



Summary and conclusions

• Based on inter-model differences, the odds are approximately 2:1 that 
precipitation will decrease in California

• In simulating present-day precipitation, all models appear to be 
biased high

• In one model (CCSM3), simulations of the jet are reasonable

• In CCSM3, moisture flux simulations are also reasonable, but the 
fluxes tend to be less than in the re-analyses

• CCSM3 significantly under-estimates the effect of ENSO on fluxes.



Thankyou
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